Introduction
The ability to self-regulate one's learning processes effectively is important at almost all levels of education. Self-regulated learning involves the ability to use cognitive, metacognitive, and motivational learning strategies effectively [1] . One important motivational learning strategy a self-regulated learner should possess is the ability to explain to oneself why it is worthwhile to learn a particular topic and what the personal utility of a topic could be [2] . Far too often, however, students find it difficult to see the personal utility of the contents discussed, especially in secondary science education, for example [3] . Consequently, students show little identification with the learning contents and are weakly motivated to invest substantial effort in high quality learning processes [4] . On the contrary, they seem to limit their effort to the minimum defined by classroom requirements. As a result, students tend to use superficial learning strategies and accordingly focus on rehearsing and memorizing the contents as "isolated facts" [5] . Therefore, deep understanding and long-time retention can hardly be achieved because the students fail to engage in intentional and meaningful learning [6] .
Learning journals are a medium which can help students reflect on the relevance of a particular topic. In a learning journal, students typically write down their thoughts on previously presented learning contents. They try to articulate what they found personally interesting and important and how the new information relates to what they already know about the subject. The aim of the current study was to investigate whether the reflection about the relevance of a topic can increase students' learning motivation and their comprehension of the subject matter.
Reflective journal writing can be regarded as a medium to foster self-regulated learning [7] . Journal writing promotes deep processing of the learning contents as students are encouraged to apply cognitive as well as metacognitive and 2 Education Research International motivational learning strategies [7] [8] [9] [10] . In contrast to essays or scientific articles, learning journals do not have a fixed rhetorical structure. Therefore, they are especially beneficial for learners with comparatively little writing expertise [7] . Learning journal instructions are used to encourage students to use beneficial learning strategies via prompting. Prompts are strategy activators in the form of questions or hints that trigger students' application of corresponding strategies [11] . Previous research provided ample evidence that journal writing can be an effective medium to promote self-regulated learning. Positive effects of journal writing on learning behavior and learning outcomes were found both in lab and field studies in such diverse domains as biology, math, and psychology ( [7] [8] [9] [12] [13] [14] ; see [10] for an overview). Berthold et al. [8] and Nückles et al. [7] , for example, investigated the effects of cognitive and metacognitive prompts on the application of learning strategies in journal writing as well as on learning outcomes. The results of their studies showed that prompting a combination of cognitive and metacognitive learning strategies in journal writing resulted in large effects on learning outcomes with regard to the acquisition of deep comprehension and retention of the acquired knowledge (see [13] ). However, despite the promising short-term results of cognitive and metacognitive prompts in those experimental studies, Nückles et al. [15] also found a decrease in students' learning motivation over a longer period of time that was associated with a decrease in learning outcomes. Thus, prompting cognitive and metacognitive strategies in journal writing apparently was not sufficient for maintaining effort and interest in the learning contents over a longer period of time. Theoretically, the regulation of motivation is regarded as an essential subprocess in current models of self-regulated learning as well [16, 17] . Hence, prompting motivational strategies, which was not realized in the above-mentioned studies, seems to be equally as important as cognitive and metacognitive strategies. Thus, it is an interesting and open question whether the prompting of motivational strategies in journal writing will promote learning motivation. Accordingly, in our present study on journal writing, we introduced and systematically varied a motivational prompt-in addition to a combination of cognitive and metacognitive prompts. In the following, we discuss in a theoretical context the role of motivation in self-regulated learning and how learning journals can support the regulation of motivation and thereby learning successfully.
To describe the processes involved in self-regulated learning and the interrelations between different components, several models of self-regulated learning have been suggested (e.g., [17] [18] [19] [20] ). The perhaps most well-known one is the model developed by Zimmerman [20] , which describes self-regulated learning as a cyclical and interactive process. According to this model, the coordination and regulation of cognition is realized by the metacognitive strategies of planning, monitoring, and evaluation of the learning process [1] . Furthermore, the learner should employ motivational strategies to initiate the learning process, to shield it against interruptions, and to invest a sustained effort in meaningful cognitive learning activities [16] . In order to maintain learning motivation, it is particularly important that learners experience the learning tasks and topics as personally valuable [21] . The more the learners perceive the learning contents as personally relevant, useful, and interesting [22] , the more they will engage in effortful and persistent intentional learning [6, [22] [23] [24] . For example, by reflecting and writing about the relevance of a wellfunctioning immune system, learners could learn to regard this topic as also being relevant for their own health. As a consequence, they would more easily identify with the learning contents. They would develop a desire to acquire as much knowledge about the topic as possible and explore it for their own interest. Accordingly, we provided the students in our study with a personal-utility prompt in order to help them discover and articulate the personal relevance of the learning contents by writing a learning journal. In doing so, we expected to improve students' motivation to engage in meaningful leaning.
Prior research on motivation and learning provided evidence that students with higher learning motivation tend to choose more challenging learning goals [25, 26] , apply more self-regulatory strategies [27] , and show greater strategic flexibility [27, 28] , more meaningful cognitive engagement [29, 30] , and greater academic achievement [30, 31] . However, students also seem to have problems in motivating themselves [32] . Especially novices in a discipline may find it difficult to motivate themselves [16] and therefore are at risk to lose their learning motivation [32] . One strategy to increase students' learning motivation is to help them perceive the value and personal relevance of a topic [1, 17, 33] . In this regard, learning journals seem to be a particularly promising medium because they offer students ample freedom for reflecting on the meaning and purpose of a particular topic.
Such reflection is especially important in science education, as students are expected not only to acquire factual knowledge but also a thorough conceptual understanding of the subject matter [34] . In this regard, previous research in biology education demonstrated the benefits of learning journals [9, 12] . McCrindle and Christensen, for example, compared reflective journal writing with the writing of a scientific report in undergraduate biology courses. They found that-in comparison with the students in the scientific report condition-students who wrote regular learning journal entries as a follow-up course work reported using more sophisticated cognitive and metacognitive learning strategies and showed a more complex and better integrated understanding in a test at the end of the course. Such an integrated and flexible understanding is necessary to successfully apply the acquired knowledge to real-life situations and to participate in social discourses about science and the role of science in society [2] . For this reason, it is important that students engage in exploring the meaning and value of the contents discussed in science classes at school. Learning journals offer an ample opportunity for such reflection. For example, students who reflect on the meaning and purposes of immunology in a biology class Education Research International 3 could learn to consider this knowledge as valuable because it helps to prevent illness or to understand the signals of the body and medical advice. In this way, journal writing in science education may contribute to increases in students' learning motivation and improve their learning behavior in science classes, such as in biology.
Research Questions and Hypotheses
Based on these theoretical considerations, we addressed the following research questions. First of all, we were interested in whether a personal-utility prompt would lead the students to reflect about the meaning, purpose, and relevance of the learning contents in the learning journals. Second, related to this research question, we tested whether the personal-utility prompt would improve students' motivation for learning biology as well as their learning outcomes as measured by a comprehension test.
Accordingly, we predicted that students who received a personal-utility prompt would show a greater amount of statements about the meaning, purposes, and relevance of a topic in their learning journals as compared with students who did not receive such a prompt (Hypothesis 1). Writing about the relevance of a topic could help to make the value of a topic explicit and in this way increase students' learning motivation. As higher learning motivation should entail more effortful and persistent engagement in the exploration of a topic, we expected that providing students with a personal-utility prompt for journal writing would also have a positive effect on learning outcomes, that is, comprehension of the topic. Thus, we predicted that students who received a personal-utility prompt would report higher levels of motivation after journal writing (Hypothesis 2) and also show higher scores in a comprehension test as compared with students who wrote their learning journals without this prompt (Hypothesis 3).
Method
3.1. Participants and Design. 40 high school students (seventh grade, 13-14 years old) participated in the quasiexperimental field study. They were members of two biology classes of a German secondary school and taught by the same biology teacher. During the surveyed timespan of six weeks, the students reflected on the learning contents of their biology lessons by writing regular learning journal entries. The lessons were about basic concepts and issues in immunology (e.g., the functioning of white blood cells or the functioning of the Human Immunodeficiency Virus). Students in both classes were asked to write a learning journal entry once a week, that is, six entries in total. As the students' accomplishment of the journal writing assignment was not checked by the teacher, about one-third of the students in both classes (23 out of N = 63) did not comply with the assignment and did not write any learning journal entries. We therefore excluded these students from the data analyses. To support the students' journal writing, we provided them with a combination of cognitive and metacognitive prompts that had repeatedly been shown to foster learning processes and learning outcomes in our previous research (see [7, 13, 15] ). We used a one factorial between-subject design comprised of two experimental conditions. The students of one class were assigned to the experimental condition while the students of the other class were assigned to the control condition. Given that the students belonging to a particular class as a whole were assigned to either the experimental or control condition, random assignment was somewhat restricted. Therefore, our design was rather quasi experimental than experimental in a strict sense. To nevertheless keep both conditions as comparable as possible, the same teacher taught the same contents in both classes during the intervention. She also used the same didactic methods and learning materials in both classes. All participating students had received biology instruction for two years. Their prior knowledge and also their motivation in learning biology were comparable across conditions (for details on statistical tests regarding prior knowledge and motivation prior to the journal writing intervention, see Section 4).
The students in the experimental condition received a personal-utility prompt in addition to our standard combination of cognitive and metacognitive prompts (personalutility prompt condition, N = 19, 7 boys, 12 girls). The students in the control condition received the same combination of cognitive and metacognitive prompts but no additional personal-utility prompt (standard prompts condition, N = 21, eleven boys, ten girls). The distribution of boys and girls did not differ significantly between the experimental conditions, χ 2 (N = 40) = 0.97, ns. On average, students who complied with the journal writing task wrote 4.63 (SD = 0.98) out of 6 possible learning journal entries. Dependent variables encompassed students' comprehension of biological concepts as well as their learning motivation assessed by a learning motivation questionnaire. In addition, we analyzed measures of learning strategies elicited in the learning journals.
Instruments and Coding

Measures of Acceptance.
To assess the students' acceptance of journal writing, we used 10 items translated and adapted from the Intrinsic Motivation Inventory (IMI; [35] ). The IMI is a multidimensional questionnaire. The items that we chose assessed the students' interest and enjoyment (e.g., "journal writing was fun for me"), their effort (e.g., "I spent much effort in journal writing"), and perceived usefulness of the performed task (e.g., "journal writing was helpful for better understanding of the learning contents"(see Appendix A for the complete sample of items). Students estimated their degree of agreement for each item on a 7-point rating scale ranging from 1 (very low degree of agreement) to 7 (very high degree of agreement). Based on the students' answers to the items, we computed an average score of journal writing acceptance for each student. The internal consistency measured by the Cronbach's alpha was very good, α = .93.
Measures of Learning Motivation.
To assess the students' learning motivation related to biology, we used adapted items for interest (e.g., "I enjoyed tricky tasks and puzzles in biology very much."), effort (e.g., "I tried hard while solving problems in biology."), and perceived competence (e.g., "I could solve my tasks pretty well in biology.") from the Intrinsic Motivation Inventory (IMI; [35] ) related to biology tasks. In total, the questionnaire included 18 self-report items to be rated on a 7-point rating scale, ranging from 1 (very low degree of agreement) to 7 (very high degree of agreement). As the internal consistency measured by Cronbach's alpha was good, Cronbach's α = 0.79, we computed an average motivation score. High motivation scores indicated self-efficient students that were interested in the topic and willing to invest effort in biology tasks. We assessed students' learning motivation related to biology topics before and after the period of journal writing.
Comprehension Test.
To assess the students' comprehension of immunology, we designed a comprehension test based on the guidelines for the biology curriculum of German high schools (see Appendix B for the test items). To ensure validity, the test was assessed by two experienced teachers of biology. We asked the students to answer the five questions in the comprehension test before and once again after the 6-week period of journal writing. Between these points of measurement, the teacher instructed both classes in immunology using the same teaching methods and materials. As the guidelines in the curriculum focus on the ability to explain biological phenomena scientifically, we primarily designed explanation tasks that measured comprehension (see Appendix B). Thus, the students had to apply their acquired knowledge in order to generate explanations. Recalling facts would not have been enough to answer the questions appropriately. Two trained research assistants evaluated each question of the comprehension test. They compared students' answers with reference answers given by the teacher and counted the number of correct statements. A maximum of 22 points could be reached when answering the five test items completely correct. The maximum scores, as well as the means and standard deviations students reached on average on each item in the pre-and posttest, are presented in Appendix B. Interrater reliability as determined by Cohen's kappa was very good, κ = 0.95. Students reached an average comprehension score of M = 5.07 (SD = 1.86) in the pretest and M = 11.47 (SD = 3.28) in the posttest.
Writing Assignment.
As the participating 7th-grade students were inexperienced in journal writing, we provided them with a brief instruction (300 words) on how to write a learning journal. Students in both experimental groups were asked to reflect on the topics discussed in class by writing about the most important contents of a lesson, about their own understanding of concepts, and questions that still remained open to them after class discussion. The students were told to write about one page per journal entry. To facilitate the journal writing, the instruction Personal-utility prompt
Why is the learning material personally relevant for you at present or in future out of school?
Note. Students in the standard prompts condition received only the cognitive and metacognitive prompts. Students in the personal-utility prompt condition additionally received the personal-utility prompt.
included two cognitive prompts stimulating elaboration and organization strategies and two metacognitive prompts stimulating monitoring and planning of remedial strategies (see Table 1 ). Students in the personal-utility prompt condition additionally received a personal-utility prompt that asked them to think about the personal relevance of the topic. The instruction ended by encouraging the students to consider personal needs, to develop their own ideas, and to design their learning journal however they wished.
Coding of the Learning Journals.
Apart from the preand posttests, we also assessed the students' learning processes and strategies elicited in the learning journals. For this analysis, we used the coding scheme developed by Nückles and colleagues [7] , see also Glogger et al. [12] . We aimed to identify learning strategies triggered by the corresponding prompts. Two independent raters, who were blind to the experimental conditions, coded the learning journals on the granular level of individual statements. As preparation for the coding, we first segmented the texts into single statements. We split longer sentences into smaller units on the basis of grammatical and organizational markers (e.g., and, or, because, etc.; see [36] ). Based on this segmentation, the raters categorized single statements as organization, elaboration, metacognition, or personal-utility statements. For example, statements that highlighted the main points of the topic and their interrelations were coded as indicators of organization (e.g., students underlined important terms or highlighted them with different colors). As elaboration, we coded statements in which students associated the new content with their prior knowledge, for example, by generating examples, analogies, or illustrations (e.g., "the human immune system can be compared with the protective walls of a castle."). We coded statements related to comprehension Education Research International 5 monitoring (e.g., "I have difficulties in understanding the differences in active and passive immunizations.") and planning of remedial strategies (e.g., "I will rework the course materials and ask the teacher if I cannot understand everything.") as metacognitive strategies. Finally, we analyzed to what extent the students articulated considerations regarding the personal relevance and importance of the topic or their own interest in the topic (e.g., "it is important for me to know how I can prevent the transmission of HIV infection."). We coded these statements as personalutility statements. Interrater reliabilities as determined by Cohen's kappa were very good (between κ = 0.84 and κ = 0.93).
Procedure.
The whole intervention lasted eight weeks.
In the first week, we asked the students to take part in a pretest. The students took the pretest in their class. They estimated their motivation in learning biology by using the learning motivation questionnaire described above. To assess the students' prior knowledge in immunology, they tried to answer the questions of the comprehension test (see Appendix B). Afterwards, they were given the abovedescribed brief instruction on why and how to write a learning journal. The instruction was handed out to the students on a sheet of paper and was also orally explained to them by a preservice teacher, who served as the experimenter in this study. The instruction was identical for all students except for the personal-utility prompt. The students in both experimental conditions received two cognitive and two metacognitive prompts. However, the students in the personal-utility condition additionally received a personalutility prompt. The students read the instruction together with the experimenter, who emphasized the relevance of using the prompts. The students were asked to write a learning journal entry once a week after the two biology lessons that were taught en bloc. The students were asked to show their biology teacher the journal entries but they received no feedback by the teacher. We decided against providing feedback on the journals to keep the implementation of the intervention as objective and comparable as possible across individual students. The students wrote a maximum of 6 journal entries during the intervention period. The students were asked to put the learning journal entries together into a small booklet, which was collected by the experimenter at the end of the journal writing period prior to the posttest. In the last week, all students took part in the posttest in class. The students again assessed their motivation in learning biology using the same questionnaire as in the pretest. They answered the explanation questions of the comprehension test and, finally, rated their acceptance of journal writing using the acceptance questionnaire mentioned above. All tests were administered as paper-pencil tests. Students completed the tests in their regular biology lesson in week eight of the overall intervention. After the end of the study, the students in the control condition also received the instruction with the personal-utility prompt to enable them to benefit as well from this enhanced instruction when writing future learning journals. Table 2 presents the mean scores and standard deviations separately for the experimental conditions and thus provides an overview of the variables of interest. In the following sections, we first analyzed the pretest scores, then the measures of the learning strategies elicited in the learning journals, and finally the posttest scores. As an effect size measure for group differences, we used partial η 2 qualifying values < 0.06 as small effect, values in the range between 0.06 and 0.13 as medium effect, and values > 0.13 as large effect (see [37] ).
Results
Investigating Pretest Scores.
First, we investigated whether students in the experimental conditions had similar prior knowledge related to immunology as well as comparable learning motivation. We conducted a one-factorial analysis of variance with prior knowledge as dependent variable and treatment condition (personal-utility prompt condition versus standard prompts condition) as independent variable. The results indicated no significant differences for the experimental conditions regarding prior knowledge, F(1, 35) = 0.04, ns. (Small differences regarding the degrees of freedom are due to the fact that three students missed the prior knowledge test and four students failed to complete the motivation questionnaire in pretest session. In the posttest, two students were ill and failed to complete both the comprehension test and motivation questionnaire.) An analysis of variance with the motivation scores as the dependent and treatment condition as the independent variable was also not significant, F(1, 34) = 1.00, ns. Thus, the students in both experimental conditions had comparable prior knowledge 6 Education Research International and also comparable motivation in learning biology prior to our treatment.
Hypothesis 1: Personal-Utility Prompt Stimulates Reflections about the Personal Utility of Immunology in the Learning
Journals. First, we investigated whether the students in the personal-utility prompt condition produced more statements about the meaning, purpose, and personal relevance of immunology than the students in the standard prompts condition. To test this hypothesis, we conducted a onefactorial analysis of variance with the two experimental conditions (personal-utility prompt condition versus standard prompts condition) as the independent and the number of personal-utility statements as the dependent variable. The results indicated that the treatment was successful, F(1, 38) = 10.42, p < 0.01, partial η 2 = 0.21. Students in the personalutility prompt condition produced significantly more statements regarding the personal relevance of immunology in their learning journals than the students in the standard prompts condition. Indeed, the students in the standard prompts condition hardly articulated any thoughts regarding the utility and personal value the topic of immunology had for them (see Table 2 ).
As both treatment groups received the same cognitive and metacognitive prompts, we did not expect any significant differences in cognitive and metacognitive strategy use between the groups. Inline with this assumption, a multivariate analysis of variance with the frequencies of elaboration, organization, and metacognitive strategies as dependent variables and experimental condition as independent variable clearly failed to reach statistical significance, Pillai's trace = .03, F(3, 36) = 0.37, ns. Table 2 shows that the students in both conditions produced only a few metacognitive statements indicating monitoring or planning of remedial strategies (around one statement in four journal entries). The application of elaboration strategies was also low (around one statement in two journal entries). In contrast, the use of organizational strategies was relatively high (2.5 statements per journal entry). To investigate these differences in strategy use in more detail, we conducted a repeated measures analysis of variance with the different kinds of strategies as a within-subjects factor. This MANOVA indicated significant differences between the frequencies of students' strategy use, Pillai's trace = 0.84, F(2, 37) = 96.04, p < 0.01, partial η 2 = 0.84. Pairwise comparisons showed that the students used significantly more organization strategies than elaboration strategies, F(1, 39) = 104.87, p < 0.01 partial η 2 = 0.73, and significantly more elaboration strategies than metacognitive strategies, F(1, 39) = 60.37, p < 0.01 partial η 2 = 0.61. Overall, the application of cognitive and metacognitive strategies in the learning journals was rather low, with the exception of organization strategies.
Hypothesis 2: Reflecting about the Personal Utility of the Topic Immunology Increases Students' Motivation in
Learning Biology. To test this hypothesis, we computed an analysis of variance with the posttest motivation scores as the dependent and the experimental condition (personal-utility prompt condition versus standard prompts condition) as the independent variable. The pretest motivation scores were included as a covariate. The ANCOVA showed a significant effect of the pretest on the posttest scores, F(1, 32) = 14.55, p < 0.01, partial η 2 = 0.31, indicating the relative stability of individual differences in students' motivation in learning biology. Nevertheless, as predicted, the students in the personal-utility prompt condition had significantly higher motivation posttest scores than the students in the standard prompts condition, F(1, 32) = 14.76, p < 0.01, partial η 2 = 0.32. Thus, irrespective of the apparent interindividual differences in students' motivation in biology, reflecting about the personal utility of the topic of immunology through journal writing evidently helped the students to substantially increase their motivation for learning biology.
We further conducted an analysis of variance to test for differences between the experimental conditions regarding the students' acceptance of journal writing. The ANOVA indeed proved to be significant, F(1, 36) = 5.44, p < 0.05, partial η 2 = 0.13. Students who had received a personalutility prompt were more likely to perceive journal writing as a beneficial learning method that they would like to use in future learning than students who had received only cognitive and metacognitive prompts.
Hypothesis 3: Reflecting about the Personal Utility of Immunology Increases Students' Comprehension of this
Topic. To investigate the students' comprehension regarding immunological concepts, we conducted an analysis of variance with the individual posttest comprehension scores as the dependent variable and the experimental condition (personal-utility prompt condition versus standard prompts condition) as the independent variable. The pretest comprehension scores were included as a covariate. The results indicated a significant effect of the pretest on the posttest scores, F(1, 33) = 6.59, p < 0.05, partial η 2 = 0.17. Over and above these interindividual differences, the students in the personal-utility prompt condition evidently achieved higher scores in the comprehension posttest than the students in the standard prompts condition, F(1, 33) = 11.93, p < 0.01, partial η 2 = 0.27. Thus, reflecting about the personal utility of the topic of immunology in a learning journal not only increased the students' motivation for learning biology, but also spurred them to achieve superior comprehension than the students in the standard prompts condition.
To explore this result in more detail, we conducted a multiple regression analysis (backward method) to identify predictors of posttest comprehension scores. As potential predictors, we included the frequency of personal-utility statements as well as statements indicating elaboration, organization, and metacognitive strategies. The pretest comprehension scores and the posttest motivation scores were also included. The only predictor of posttest comprehension that proved to be significant was the posttest motivation score, β = 0.38, p < 0.05; R 2 = 0.14. In the next step, we investigated whether the posttest motivation score could be predicted by the frequency of statements representing different types of strategies (personal utility, organization, elaboration, and metacognition) elicited in the learning journals. Accordingly, we conducted a multiple regression analysis with the posttest motivation scores as criterion and the frequency of personal utility, elaboration, organization, and metacognitive statements as predictors. The pretest scores of motivation were also included as predictor. This regression analysis showed that the posttest motivation scores were predicted by the pretest motivation scores, β = 0.52, p < 0.01, ΔR 2 = 0.30, and by the frequency of statements reflecting personal utility in the learning journals, β = 0.44, p < 0.01; ΔR 2 = 0.19. Together, the regression analyses indicate, first, that it was especially the students learning motivation at the end of the intervention that predicted learning outcomes in the comprehension test. Second, the analyses show that the students' post-intervention learning motivation could in fact be traced back to the intensity in which they reflected in their learning journals about the personal relevance of the learning contents.
Discussion
The aim of the current study was to investigate (1) whether a personal-utility prompt would lead students to reflect about the personal relevance of the learning contents in their learning journals and (2) whether such reflection would increase students' learning motivation as well as their comprehension of the topics. To answer these questions, we conducted a quasi-experimental study with two conditions, a personalutility prompt condition and a standard prompts condition. Students in both conditions received a combination of metacognitive and cognitive prompts that had proved to be successful in previous research [7, 13] . In the personal-utility prompt condition, students additionally received a prompt that encouraged them to think about the personal relevance of the topic. The results can be summarized as follows.
Students who received a personal-utility prompt included more statements about the meaning, purpose, and relevance of the topic in their learning journal entries than students who did not receive such a prompt (Hypothesis 1). Thus, the students in the personal-utility prompt condition used their learning journals to reflect on their personal stance by self-explaining the relevance of a topic related to their own experiences and personal examples. Students' personalutility statements indicated that they related the learning content, immunology, to real-life situations by discussing its relevance for these situations in their learning journals.
Regarding learning motivation, we found that students who received a personal-utility prompt evaluated journal writing as more valuable to them than was the case for students who received cognitive and metacognitive prompts only. More importantly, as predicted by Hypothesis 2, the students in the personal-utility prompt condition not only evaluated journal writing more positively but also reported a greater motivation for learning biology after the journal writing period as compared with the students in the standard prompts condition. Thus, writing about the meaning, purpose, and relevance of a particular topic had considerable positive effects on students' motivation for studying this topic. The higher posttest motivation scores in the personal-utility prompt condition suggest that, as a result of journal writing, these students became more interested in biological topics, such as immunology, and were more willing to expend effort in learning about this subject. Such improved effort, engagement, and persistence [16, 23, 38] are important preconditions for meaningful learning [5] . Furthermore, being able to recognize and articulate the personal relevance of a topic also is important for developing a commitment to life-long learning. Life-long learning in general is imperative to the modern knowledgebased society; it is especially important in subject domains where scientific knowledge accumulates and changes rapidly, such as in biology [39] . Accordingly, students who were explicitly prompted to think and write about the personal utility of a biological topic were more likely to engage in the topic with a higher learning motivation.
Reflecting on the personal relevance of the topic not only increased the students' learning motivation but also helped them to better comprehend the learning contents. Accordingly, the students in the personal-utility prompt condition clearly outperformed the students in the standard prompts condition with regard to the level of comprehension (Hypothesis 3). The regression analyses suggest that the students' improved comprehension of immunology was apparently mainly due to the increase in learning motivation, which itself resulted from students' reflecting about the personal relevance of immunology in their learning journals. Hence, a major benefit the students drew from journal writing was motivational. The way they wrote about immunology in the personal-utility prompt condition raised their motivation for learning about this topic and thereby may have also improved their topic-specific learning behavior beyond the journal writing. For example, students may have built a strong intention to understand immunology and consequently increased the application of deep-level comprehension strategies in and out of class. Given that the motivational effects of journal writing apparently reached beyond the learning journal and generally affected students' ways of dealing with the subject, future research should explore how students' learning behavior changes as a result of journal writing. For this purpose, it is necessary to observe students' learning activities related to biology more comprehensively, for example, by assessing and observing students' engagement and strategy use during the lessons as well as during homework and class preparation.
What are the theoretical implications of the present study? Previous research on journal writing concentrated on supporting the application of cognitive and metacognitive strategies in the learning journals in order to foster self-regulated learning [7, 8, 10] . Although this cognitive approach proved to be successful in several short-term laboratory studies, a longitudinal study on journal writing by Nückles et al. [15] found, in the long run, a decrease in students' learning motivation that was associated with a decrease in learning outcomes. Hence, prompting cognitive and metacognitive strategies was not sufficient for maintaining effort and interest in the learning contents over a longer period of time. In the present study with 8 Education Research International relatively young high school students (compared to the university freshmen of [15] ), cognitive and metacognitive strategy use in the learning journals was low and did not predict learning outcomes. Nevertheless, prompting reflection about the personal relevance of the learning contents in the learning journals evidently yielded strong effects on learning motivation which was positively related to learning outcomes as measured by a curriculum-based comprehension test. Thus, an important benefit of journal writing has also to be seen in the potential to foster learning motivation, in particular, appreciation of and interest in a topic, and therefore learning outcomes. It is beyond controversy that learning motivation is important for the depth of students' comprehension, but also especially for effort and persistence [16, 38] . However, learning motivation was not explicitly promoted in previous studies on journal writing. The present study therefore extends this research by providing evidence that learning journals can be used to promote learning motivation as well. The finding that the rather infrequent cognitive and metacognitive strategies in the learning journals of our 7th grade students did not predict posttest comprehension requires further research. One possible explanation is that thinking about the relevance of a topic could have supported students' deep examination of the topic beyond journal writing. Thus, students could have regarded journal writing as the initiator rather than as the medium for high quality learning. Another possible explanation refers to the competency to apply cognitive and metacognitive strategies in the written texts. The students in our previous studies (see [7, 8, 13, 15] ) were at least 9th graders and often university students. Thus, it is possible that the comparatively younger students in our present study were not able to use the cognitive and metacognitive strategies implied by the prompted strategies to improve their task performance, because they did not possess the necessary cognitive requirements (mediators) to benefit from the strategies. In this case, they would have suffered from a mediation deficiency with regard to the application of cognitive or metacognitive strategies during writing (see [13, 40] ). The low frequency of most types of these strategies (except organizational strategies) in the learning journals, despite the explicit introduction, may support this tentative conclusion.
The empirical results presented in this paper can be easily applied to schools. Previous studies showed that journal writing is a beneficial form of a follow-up course work [7] [8] [9] 12] . Results of the present study showed that learning journals are also a promising medium to improve students' learning motivation. Including a personal-utility prompt in the writing instruction invited the students to think about the meaning and purpose of a topic in real-life situations. As a consequence, they were more willing to expend effort in learning biology. As one cannot assume that all students are intrinsically motivated per se and willing to invest substantial effort in exploring a new topic, learning journals offers a promising approach to stimulate and to maintain students' learning motivation.
According to the biology curriculum in German high schools, understanding human biology should help students understand the functioning of their own body and its systemic relations to the social and ecological environment [2, 34] . This might enable them to act responsibly in order to protect one's own and others' health, for example, with regard to preventing infection with HIV. The relevance of the topic of immunology to students and to their own lives seems to be obvious. Nevertheless, the present study shows that in order to get students to reflect about the personal relevance of this topic, they had to be prompted to do so. Thus, even if the topics to be discussed in the science class are relatively close to the students' realm of experience, it might nevertheless be necessary to support them in reflecting about the value and personal utility of the topics by prompts. As the present study demonstrated, supporting even young students in this way yielded large effects on their learning motivation and thus on their comprehension of the topic.
Appendices
A. Motivation Questionnaires
A.1. Journal Acceptance Questionnaire
(1) Journal writing was useful.
(2) Journal writing was helpful for better understanding of my own way of studying. (10) I would like to write learning journals more often as homework.
Note: R reverse-coded items.
A.2. Intrinsic Motivation Questionnaire.
Please think about your class preparation for biology lessons in the last week. How much do you agree with the following statements?
(1) I enjoyed tricky tasks and puzzles in biology very much.
(2) I could solve my tasks pretty good in biology.
(3) I put a lot of effort into preparation of biology lessons.
(4) It was important for me to do well in biology.
(5) I tried hard while solving problems in biology.
(6) Solving problems in biology was fun.
(7) Pretending to be a scientist of biology who explores problems was very interesting. 
B. Item Statistics for the Comprehension Test
For more details see Table 3 .
